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A. INTRODUCTION

Abnormalities relating to the p53 gene are one of the most commonly found genetic aberration in
breast cancer tumors, and include overexpression of p53 protein, loss of heterozygosity at the
p53 locus, and specific mutations in the p53 gene. However, it is unknown why some tumors
have these changes and others do not. Further, little is known about what factors are involved in
the interaction of oncogenes such as HER-2/neu with p53.

While investigators in previous studies have attempted to link p53 abnormalities to tumor
histology, survival time, estrogen and progesterone receptor status, Her-2/neu, and, in some
cases, risk factors for breast cancer, none has studied all of these factors within a large population
of twins. These subjects offer great potential for distinguishing the role of predisposing genetic
factors from environmental exposures. Specifically we will address the following issues in this
study: 1) Are genetically similar tumors more likely to occur among identical twins than among
fraternal twins? 2) Do environmental factors predispose to concordance or discordance of
genetic abnormalities? 3) Do fraternal twins, concordant for environmental exposures, tend to be
discordant for genetic abnormalities, suggesting that other predisposing genetic factors that can
be identified? 4) Among identical twins discordant for disease, are specific environmental factors
more related to tumors with a genetic abnormality than those without?

Three methods have been commonly used to detect p53 abnormalities: immunohistochemical
methods of detecting overexpression of the mutant p53 protein, polymerase chain reaction (PCR)
techniques for the detection and sequencing of specific p53 mutations, and Southern blots to
detect loss of heterozygosity (LOH) at the p53 gene locus. Studies have indicated that 50-60% of
breast tumors may have LOH in the 17p region; there may be overexpression of the p53 mutant
protein in 27-54% of all breast tumors (3). Specific mutations in the p53 gene usually occur in
the highly conserved exons 5-8 (4,5). Twenty-five percent have been shown to occur in codons
245, 248, 273, and 282 (6). From collaborative efforts of specific p53 mutations in more that 30
types of cancer it has been shown that different types of cancer evince different patterns of DNA
base substitutions (7).

Rarely have all types of abnormalities been investigated within the same tumor tissue, but a few
studies provide information on the correlations between them. Overexpression of the mutant p53
protein product has been seen in association with mutation of the p53 gene (8) but not invariably
(9). LOH and overexpression of the p53 protein have been found to occur independently
(9,10,11). The mechanism by which dysfunction in the p53 gene leads to malignant
transformation is therefore unclear.

Under one hypothesis it would be necessary for both copies of the p53 gene to be inactivated by
loss or mutation to prevent the transcription of the normal or 'wild-type' protein and hence
prevent normal function of the gene. The failure by some investigators to demonstrate damage to
or loss of both copies of the p53 gene suggests that additional steps or other mechanisms must
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precede malignant transformation. For example, under a hypothesis of co-dominance, a stable
mutant protein might bind to and inactivate any wild-type protein produced (12). Strong
immunohistochemical staining for p53 in normal cells has been found in a mother and daughter
with a family history of breast cancer (13). However, no p53 overexpression was found in
fibroblasts from individuals from families with the Li-Fraumeni syndrome who had germline
DNA mutations of the p53 gene (14). Thus another event (apart from damage to p53) sometimes
may be necessary for expression of mutant protein, or only certain mutations in p53 may be
related to overexpression of the mutant protein and subsequent malignant transformation.

Another mechanism by which the normal function of p53 gene may be interrupted is by nuclear
exclusion (15). When p53 protein is found in the nucleus of cells, mutations in the gene are
usually found, whereas when the protein is found in the cytoplasm, mutations are generally not
found. If the protein is sequestered in the cytoplasm (by binding with heat shock proteins) then it
may be unable to regulate nuclear division. Some studies have shown p53 protein to occur in the
cytoplasm of lobular breast cancers (16).

When p53 mutations in germline tissue were found in members of Li-Fraumeni families (17),
efforts to detect germline mutations in other high-risk families were intensified, largely without
success (18, 19, 20). While these studies were based on small numbers of families: 5 (18) and 25
(19), or cases: 19 individuals with bilateral disease (20). This failure has led to the presumption
that environmental factors or other genes may also determine the abnormalities in the p53 gene
that lead to breast cancer (21). In any event, the inactivation or disabling of the p53 gene appears
to be an important step in a large proportion of breast cancer cases, and studies have shown it to
be an early step, present in sifu tumors and maintained throughout all stages of tumor progression

(8).

Since the etiology of breast cancer appears to be complex and heterogenous, other genes,
especially oncogenes, may sometimes interact with p53 in the development and progression of
breast cancer. HER-2/neu (or also referred to as c-erbB-2), located on the long arm of
chromosome 17 (17q12-21.32) has been shown to occur in 20% of invasive breast cancer tumors
and in 50% of all ductal carcinoma in situ (22). Studies that have examined the association of
p53 with HER-2/neu have produced mixed results; at least four have found the two to be
correlated (23, 24, 25, 26), while others have not (27, 28). Barbareschi et al. (26) suggest that
p53 and HER-2/neu alterations may occur independently and at an early stage of tumor
progression. Escape from hormonal control may be associated with HER-2/neu overexpression
(which has been related to estrogen receptor negative tumors); while alterations in p53 may
induce a high proliferation rate, leading to tumor progression and further opportunities for
genetic damage.

The association of p53 abnormalities and HER-2/neu overexpression with estrogen and
progesterone receptor status, histology, progression, and patient survival may provide insights
into the mechanisms of tumor development and progression. While some studies have linked
p53 overexpression to tumors with a more aggressive phenotype (28), it may be that LOH is
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more critical to tumor progression than any specific mutation (11). Nuclear p53 expression has
been associated with tumors of aggressive (ductal) as well as less aggressive (medullary)
histology (16); however neither LOH nor specific mutation sequences were assessed. HER-
2/neu is generally found in association with a poorer prognosis (29).

The relationship of p53 and HER-2/neu overexpression to environmental and other genetic risk
factors has not been extensively studied. A higher proportion of tumors with p53 protein
expression in familial than in sporadic cases has been reported (30). p53 has been associated with
low levels of estrogen receptors (23, 26, 28) and late age at first full term pregnancy has been
linked to the prevalence of estrogen receptors (McTiernan et al., 1986). An effect of breast-
feeding on risk has been found to be dependent on expression of HER-2/neu (32).

To assess the interrelationships of tumor suppressor genes, oncogenes, specific mutations, loss of
heterozygosity, and protein overexpression, it is essential that all factors be examined in the same
material. This study presents the opportunity to study the several characteristics of breast cancer
tumors in a large group of familial cases--concordant twin pairs--and relate these findings to
genetic identity and to environmental risk factors. Secondly, a large number of disease discordant
identical twin pairs offers the opportunity to further study association of environmental factors
with specific genetic changes in breast cancer tumors.

B. BODY

Work done during the project has included the following:
1) Acquisition of Archived Tissue Blocks

a) Contact with twins

b) Correspondence with hospitals

2) Laboratory procedures
a) Processing: Logging in of received blocks and slides in database and processing of
tissue blocks to cut and store slides.
b) Immunohistochemistry: p53, HER-2/neu, ER and PR
¢) DNA sequencing of the p53 gene from concordant pairs.
d) FISH to detect amplification of HER-2/neu oncogene

3) Epidemiologic analyses
4) Results




1). Acquisition of Archived Tumor Blocks

a. Contact with Twins

Three groups of twins were contacted (concordant MZ and DZ twins and discordant MZ twins)
and results are shown in Table 1. There were a total of 1,218 cases for whom we sought archived
tissue blocks. Our procedures for contacting the twins were the same for each group. Beginning
with those who were diagnosed after 1975 and for whom we had already obtained pathology
reports, we sent a letter explaining the study, the informed consent, and a release form to each
twin for her signature. If we determined that a twin was deceased, these forms were sent to her
next of kin. If we did not receive a response from a twin after 4 weeks, we called the twin to be
sure they received the forms and to answer any questions. Additional follow-up was performed
as required. For those with diagnosis dates before 1975, we called the hospitals first to determine
if the tissue blocks were still available, before initiating the correspondence with the twin. Of the
85 hospitals called, blocks were available for approximately 30%.

b. Correspondence with Hospitals

Once the signed informed consent and release forms were obtained from a twin, a letter was sent
to the hospital along with the release form requesting the tissue blocks, including one that was
most representative of the tumor and one that contained normal tissue, such as a lymph node. If
the hospital's policies prohibited sending the blocks, we requested that 20 unstained slides be cut
from each of the blocks specified, and sent to us. For hospitals not responding follow-up efforts
were initiated.

2) Laboratory Procedures

a. Processing: Once the blocks (or slides) are received, they were transferred to Dr. Press's
Laboratory in padded envelopes which had the Twin ID number, name of submitting
hospital, and number of blocks and/or slides provided. This information was logged into a
master data file. Variables in this file included information the characteristics of the tissue,
number of blocks, number of nodes sampled, and patient information. One H&E slide is cut
from each block submitted. Since numerous blocks were sent with some specimens, this
enabled us to pick a block that was most representative of the tumor and one that was most
representative of normal tissue. The 20 unstained slides were then cut from the chosen blocks
and were then coated with paraffin so that antigenicity was not lost during storage. After this
process was completed, the blocks were sent back to the hospitals.

b. Immunohistochemistry: p53, HER-2/neu, ER and PR

When a specimen was selected to be stained, two slides per analysis were taken. One was for the
antibody of interest and the other was used as a negative control. A positive control was used for
every antibody on each day's run. The antibodies were scored on the basis of intensity of
staining. HER-2/neu, being a membrane protein, was scored as low (+), over-expressed (++), or
highly over-expressed (+++). A tumor was considered to be positive if the staining was either
over-expressed or highly overexpressed. P53, ER, and PR, which are nuclear proteins, are scored
both by staining intensity and by percentage of cells with that particular intensity, i.e. (27%,
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++4), (33%, ++), (10%, +). For the analyses, we considered a tumor to be positive if more than
10% of the cells were positive.
The laboratory procedures followed for each method are included in the Appendix.

c. DNA sequencing of the p53 gene: Our original plan was to do SSCP and then sequence only
the portion of the gene with a mutation indicated by SSCP. However, in order to avoid the
problems with lack of sensitivity inherent in the SSCP process, and since the technology for
sequencing the gene had advanced since the grant was written we instead sequenced the entire
gene directly, and eliminating the SSCP process. DNA yield is lower in the paraffinized tissue
than in frozen tissue and the sequencing gives weaker peaks. This has required us to request
more material for some cases. The laboratory procedures used are included in the appendix.

d. Fluorescence In Situ Hybridization (FISH). FISH is a method using DNA probes to
localize genes in cytogenetic chromosomal spreads, in cytologic preparations of whole cells, or
in histologic sections of tissue. Hybridization of the probes to their complementary genetic
elements in cells is recognized by visualizing a fluorescence signal in cell nuclei with a
fluorescence microscope. Initially, in our preliminary studies we used a series of 10 established
breast cancer cell lines to confirm that each cell line, known to be amplified by Southern
hybridization data, was amplified by FISH. The probe for HER-2/neu hybridized with both
metaphase and interphase DNA to yield signals that are proportional with the known gene
amplification level of the cell lines. The laboratory procedures followed are included in the
appendix.

3). Epidemiologic Analyses

The laboratory findings were linked to environmental factors obtained from, a detailed
questionnaire that was sent to all of the breast cancer twins and co-twins, which covered
reproductive, developmental, and putative environmental breast cancer risk factors. Because the
questionnaire included many questions about the co-twin, pairs in which only one twin
responded were able to be used in the analysis. We have addressed the following objectives:
a) Within the concordant pairs in each zygosity group, determine if discordance in genetic
abnormalities in tumor tissue is associated with discordance in environmental risk factors.

b) Within the MZ discordant pairs, determine if discordance in breast cancer is associated with
discordance in environmental risk factors.

¢) Within the MZ discordant pairs, determine if the relationship between environmental risk
factors and breast cancer is the same for tumors with and without somatic abnormalities.

4). Results

a. Acquisition of archived tissue blocks

We have obtained blocks or unstained slides from 488 or 40.1% of the cases (Table 1). Reasons
that blocks were not obtained were the following: almost 44% of the blocks were unavailable,
5% of the twins refused permission, 8% of the twins were lost and we did not know the hospital
where they had had their surgery, and at the close of the study 3% were still pending at various
hospitals. It required extensive follow-up efforts to obtain the blocks from the hospitals and
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these remaining were the most difficult to obtain, after repeated attempts. The year of diagnosis
was a major factor in determining the availability of the blocks because some hospitals keep
blocks for only a certain length of time and, as the number of years increased between the
diagnosis and our attempts to obtain the blocks, the less successful we were. We obtained 21%
of those diagnosed before 1975 and 56% of those diagnosed between 1990-93 (Table 2). We
were more successful at obtaining blocks from cases who were still alive at the time of the study
(43% obtained) vs. those were deceased (33% obtained). Some differences were evident by
category of twin pair as described below:

1) MZ concordant twins: 205 pairs of identical female twins, concordant for breast cancer,
were initially selected to obtain archived tissue blocks. From these 410 cases we obtained
tissue blocks from 187 or 45.6%. We were the most successful with this group in
comparison to the DZ concordant and MZ discordant pairs. We had the highest acquistion
rates for these pairs among all years of diagnosis, vital status categories, and particularly
among those diagnosed at 50+, where we obtained blocks from 56%.

2) DZ concordant twins: We initiated efforts to obtain consent and release forms from 129 DZ
concordant pairs, by sending letters first to twins who were diagnosed after 1975 and known
be alive at last contact. We also sent letters to the next of kin to those who were known to
deceased. We obtained blocks from 67 or 26.0% of these 258 cases. We also were more
successful in obtaining blocks from the cases diagnosed over 50.

3) MZ discordant twins: We also selected 550 MZ discordant pairs who met the following
criteria: a) they were diagnosed after 1975 and we had obtained their pathology report, and b)
they had completed the epidemiologic questionnaire that was sent to all females pairs of
twins with at least one member with breast cancer who participated in the International Twin
Study Registry. We received blocks from 234 (42.5%) of these cases. There was no
difference in our success rate in this group by age at diagnosis.

Among concordant pairs for whom we have received blocks, we have 68 pairs with blocks
received from both twins (58 MZ and 10 DZ) and 118 additional pairs with blocks received from
one twin (71 MZ and 47 DZ). Thus, in total we have received blocks from at least one twin for
186 concordant pairs (129 MZ and 57 DZ) which represent 62.6% of the MZ concordant pairs on
whom we sought tissue and 44.2% of the DZ concordant pairs. In addition we have received
blocks from 234 of the 550 discordant MZ pairs or from 42.5% of these pairs.

We do not have tumor related laboratory results on all of these pairs, however. For some pairs,
only benign or normal tissue was obtained and for others there were problems with the quality of
the tissue and the laboratory tests were not able to be performed. In addition, a small number of
blocks were obtained after the laboratory component of the study was completed. In total we
have laboratory results on 393/488 cases with blocks (80.5%). The proportions with laboratory
results available are shown in Table 2 by subgroup. Overall laboratory results are available on
32.2% of the total cases, 37% of the cases from MZ concordant pairs, 20% of the cases from the
DZ concordant pairs and 35% of the cases in MZ discordant pairs.




11

Among concordant pairs for whom we have laboratory results, we have 46 pairs with results
from both twins (38 MZ and 8 DZ) and 111 additional pairs with results from one twin (76 MZ
and 35 DZ). Thus, in total we have results from at least one twin for 157 concordant pairs (114
MZ and 43 DZ) which represent 55.3% of the MZ concordant pairs on whom we sought tissue
and from 33.3% of the DZ concordant pairs.

Table 1: Final status of twin participation and acquisition of blocks/slides by category of pair

Total Pairs Category of Pair

MZ Concordant DZ Concordant MZ Discordant
Status N % N % N % N %
Total pairs 884 205 129 550
Total cases 1218 100.0 410 100.0 258 100.0 550 100.0
Blocks/Slides 488  40.1 187 45.6 67 26.0 234 42.5
Obtained
Blocks/Slides 541 444 176 42.9 125 48.4 240 43.6
N/A
Twin Refused 56 4.6 19 4.6 11 4.3 26 4.7
Patient Lost 100 8.2 23 5.6 51 19.8 26 4.7
Hospital Not 33 2.7 5 1.2 4 1.6 24 4.4

Responsive
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Table 2: Characteristics of Cases by Percent with Tissue Obtained and Percent with Laboratory
Results Completed*

Selected Total Pairs Category of Pair
Characteristics MZ Concordant  DZ Concordant =~ MZ Discordant
Tissue Lab Tissue Lab Tissue Lab Tissue Lab

All Cases 40.1 32.2 44 4 37.0 26.0 19.6 42.5 34.6
Year of Dx

<1975 21.1 16.4 23.8 19.6 15.8 9.8 ** *k
1975-79 28.2 19.9 40.6 26.1 256  20.5 21.3 15.7
1980-84 404 31.6 44 .4 38.9 28.6 14.3 40.6 31.2
1985-89 49.8 41.6 65.1 553 340 28.0 47.8 39.6
1990-93 56.5 44.6 66.7 55.6 42.1 31.6 56.5 43.5
Age of Dx

<50 35.2 27.6 33.2 26.7 22.3 17.9 42.9 32.9
50+ 44.8 36.9 55.7 46.2 31.1 23.0 43.0 36.4
Vital Status
Deceased 32.9 274 37.7 34.4 20.2 14.1 37.4 30.6
Alive 43.2 344 48.8 38.1 292  23.0 44.9 36.5

*For some cases for whom some tissue was obtained, no tumor tissue was obtained (although
normal tissue may have been obtained) or the tissue obtained was unsuitable for processing.
**Cases in this group were selected from those diagnosed after 1975.

b. Immunohistochemistry for p53, HER-2/neu, ER, and PR

1) Percent positive

The percent of tumors that stained positive for each of the biomarkers is shown in Table 3. For
all cases studied, the percent positive was 58.6% for ER, 56.3% for PR, 24.8% for p53, and
18.9% for HER-2/neu . Some differences by age at diagnosis were evident as ER, PR, and HER-
2/neu were higher among those cases diagnosed at 50 or older than among younger cases;
whereas little variation by age was seen for p53. By pair type, the percent positive for ER and
PR were lower among the MZ discordant pairs than the concordant pairs, and this difference was
especially true among the older cases, where, for example the ER % positive was 52.2% for the
discordant pairs vs. 79.6% and 86.7% among the MZ and DZ concordant pairs, respectively.
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Table 3: Immunohistochemistry Results for Individual Cases by Pair type

Pair type
Percent Positive* for Total Cases MZ DZ M7
Concordant Concordant  Discordant

N) (391) (151) (50) (190)
All ages of dx
ER 58.6 68.7 71.4 47.4
PR 56.3 60.9 62.0 51.0
P53 24.8 27.8 22.0 23.2
HER-2/neu (M+H) 18.9 24.5 12.0 16.3
Age of dx <50 (148) (49) (20) (79)
ER 43.5 46.9 47 .4 40.5
PR 46.6 49.0 55.0 43.0
P53 26.5 32.6 15.8 25.3
HER-2/neu (M+H) 15.5 16.3 10.0 16.5
Age of dx 50+ (243) (102) (30) (111)
ER 67.8 79.6 86.7 522
PR 62.1 66.7 66.7 56.8
P53 23.8 25.5 25.8 21.6
HER-2/neu (M+H) 21.0 284 13.3 16.2

*Positivity for ER, PR, and p53 defined as expression in more than 10% of cells; positivity for
HER-2/neu defined as both medium or high expression (M+H).

2) Correlation of positivity of different biomarkers within tumors

The correlation of positivity for the four different biomarkers within tumors by pair type and age
at diagnosis is shown in Table 4. As expected, ER and PR were highly significantly positively
correlated with each other in all subgroups. These correlations were the strongest among those
diagnosed <50 years of age. ER and P53 were consistently negatively correlated with each other,
although no specific association with age at diagnosis was seen. PR and P53 were also generally
negatively correlated and this association appeared strongest among the younger cases. ER and
HER-2/neu, as well as PR and HER-2/neu, also tended to be negatively correlated with each
other, especially among older cases.. P53 and HER-2/neu tended to be positively correlated with
each other overall, but this positive association was only evident among the older cases.
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Table 4: Correlation coefficients between tumor biomarkers within same tumor by age group of
diagnosis and Pair type

Age group Biomarker Correlations
And Pair Type ER- ER- ER- PR- PR- P53-
PR P53 HER-2 P53 HER-2 HER-2
All Pair types
All ages (N=391) +0.59* -0.18* -0.10*  -0.13* -0.14* +0.12*
Age dx <50 (N=148) +0.70* -0.22* +0.12  -0.29* -0.02  -0.05
Age dx 50+ (N=243) +0.50* -0.15* -0.26* -0.03 -0.22% +0.22%*
MZ Concordant All (N=151)  +0.52* -0.23*  -0.02 -0.02 +0.02 +0.02
Age of Dx <50 (N=49) +0.55% -0.13 +0.37* -0.25 +0.24 -0.08
Age of Dx 50+(N=102) +0.48* -0.28* -0.30* +0.13 -0.11 +0.08
DZ Concordant All (N=50)  +0.70* -0.26 -0.45%  -0.14 -047* +0.12
Age of Dx <50 (N=20) +0.90* -0.15 -0.32 -0.22 -037 -0.15
Age of Dx 50+(N=30) +0.55* -0.48* -0.71* -0.11  -0.55*% +0.25%*
MZ Discordant All (N=190)  +0.61* -0.15* -0.13 -0.24* -0.22* +0.20*
Age of Dx <50 (N=79) +0.74* -030* +0.05 -0.33* -0.11  -0.02
Age of Dx 50+(N=111) +0.51*  -0.02 -0.26* -0.16 -0.31* +0.36*
*p<.05

3) Agreement of Biomarker Expression Between Cases of Concordant Pairs

From the 191 twins from the concordant pairs with immunohistochemistry results, there were 46
pairs (38 MZ and 8 DZ) with results available from both members of the pair. We examined the
percentage of these pairs that had the same expression (either positive or negative) of each of the
biomarkers and compared that to what would have been expected, given the marginal
distributions. Kappa, a measure of agreement after taking chance agreement into account, was
also calculated. As shown in Table 5, with all ages of diagnosis combined, the agreement of ER
expression between the pair members was the only significant finding. However, significant
results were seen for all biomarkers for those with an age of diagnosis under 50. ER, PR, and
p53 were all in higher agreement than would have been expected by chance, but HER-2/neu
expression was actually less likely to be the same than would have been expected. Among those
diagnosed at 50 or older, there was some increased agreement for ER, but no association for any
of the other markers.
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Table 5: Measures of Agreement Between Biomarkers from Members of Concordant Pairs with
Tissue Analyzed from Both Twins

Age at diagnosis Percent Agree Percent Expected* Kappa
All ages at dx (N=46)

ER 74.4 55.3 0.43%*
PR 62.2 49.2 0.26
P53 68.2 583 0.24
HER-2/neu (M+H) 60.9 63.7 -0.07
Age at dx <50 (N=14)

ER 76.9 50.8 0.53%*
PR 84.6 49.2 0.70**
P53 83.3 51.5 0.66**
HER-2/neu (M+H) 64.3 70.2 -0.21%*
Age at dx 50+ (N=32)

ER 70.0 64.1 0.26
PR 53.1 50.0 0.06
P53 62.5 62.5 0.00
HER-2/neu (M+H) 59.4 60.6 -0.03
*expectation of agreement based on marginal distributions

**p<.05

¢. DNA Sequencing of the p53 gene

Concordant pairs were selected for sequencing of the p53 gene. Exons 4-9 were sequenced. At
the end of the fourth year of the project, 50 cases were sequenced and alterations were detected in
25. However, this was a preliminary result obtained by sequencing only one DNA strand from
each exon in the sense direction. Since the DNA products are double stranded, the initial
findings needed confirmation by DNA sequence analysis of the opposite strand in the anti-sense
direction. This was performed during the subsequent year and the analysis of the opposite strand
confirmed alterations in 10 of the 25 cases. In addition, 17 additional cases were sequenced in
both the sense and anti-sense directions and 6 p53 alterations were identified in these cases.
Thus, in total, from 67 cases studied, 16 were found to have either a mutation or polymorphism
in the p53 gene.

These 67 cases included 26 pairs with results from both members (52 cases) and an additional 15
pairs with results from one member. The specific mutations or polymorphisms found in the 16
cases with confirmed alterations are described in Table 6. There was one concordant pair
(#7550) with identical silent polymorphisms; however, in general there was a lack of correlation
in presence of a p53 mutation or polymorphism between members of the 26 pairs with results for
both members, when including all alterations as well as when restricting the analysis to only
mutations with functional significance (Table 7). The immunohistochemistry results for ER and
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PR were significantly correlated between members of these pairs, as was shown previously with
the complete data set.

Table 6
TWIN Results
p53 Mutations exons 4-9

Mutations
Case No. Exon Codon _{nucleotide |DNA Sequence |Amino Acid Sequence |Mutation Type
21888 4A 71 12137 |GGG>AGG Gly->Arg Missense
4601A 4A 75 12148|GGA--> GAA Gly--> Glu Missense
7191A 4A 89 12190/{GGG—> GAG Gly--> Glu Missense
7691B 4A 68 12126(GAG--> TAG Glu--> stop Nonsense
11754A 4A 75 12148|GGA--> GAA Gly--> Glu Missense
7755A 5 126 13055|TAC->GAC Tyr->Asp Missense
98668 5 175 13203{CGC->CAC Arg->His |Missense
6322A 6 192 13334|{CAG--> TAG Gln--> stop Nonsense
117728 7 240 14047|AGT->AGG Ser->Ser Silent

7 260 14106|TCC->TAC Ser->Tyr Missense
15238 9 325 14735|GGA->GAA Gly->Glu Missense
1629A intron 9 14766|7->C unknown significance
2497A intron 9 . 14765|T->C : unknown significance
Polymorphic Mutations ‘
6322A 4A 72 12139|GCG>GGG___ |Ala-> Gly Non-silent Polymorphism
6310A 6 213 13399|CGA--> CGG Arg--> Arg Silent polymorphism
7550A 6 213 13399|CGA--> CGG Arg--> Arg Silentwpg);”rri_gfp‘hism____
75508 6 213 13399|CGA->CGG Arg--> Arg Silent polymorphism
9866A 6 213 13399|CGA-> CGG Arg--> Arg Silent polymorphism

Table 7: Correlation between p53 DNA séquéncing results and immunohistocherﬁstry results for
other biomarkers between members of 26 concordant pairs.

Biomarker Percent Expected Kappa
Agree  agreement

P53 mutation/polymorphism  57.7 57.7 -0.01
P53 mutations only 61.5 69.2 -0.24
P53 (IHC) 70.8 56.8 0.32

ER 81.8 535 0.61*
PR 66.7 47.2 0.37*
HER-2/neu 58.3 61.9 -0.10

*p<.05
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Using all 67 cases with p53 sequencing results, we also examined the correlation between the
presence of a p53 mutation/polymorphism or a p53 mutation only with the p53
immunohistochemistry results and with the other IHC results within the same tumors. As shown
in Table 8, there was a lack of correlation between the p53 sequence results (whether or not only
mutations were included) and the p53 THC results. Among the 65 individuals with both p53
sequence and p53 THC results, 33 were negative for both, 4 were positive for both, 12 had a p53
mutation/polymorphism but were p53 negative (IHC), and 16 were positive for IHC but negative
for the sequence result. The p53 DNA results were negatively correlated with ER positivity,
however. There was also a positive, though non-significant association between the pS3 DNA
results and HER-2/neu positivity, while there was no association between the p53 THC results
and HER-2/neu.

Table 8: Correlation coefficients between p53 sequence results (including all alterations and
mutations only) and IHC tumor biomarkers within same tumor for 67 cases from concordant

pairs.

Biomarker Correlations
P53 P53 P53 ER PR HER-
DNA DNA [IHC 2/neu
(all) (mut)

P53 DNA (mutation/polymorphisms)  1.00 1.00

P53 IHC 0.07  +0.05 1.00

ER -0.36* -047% -0.32* 1.00

PR 0.03  -014 -0.10  +0.60* 1.00
HER-2/neu +020 +0.04 -0.05 -020 -021 1.00
*p<.05

d. FISH (Fluorescence In-Situ Hybridization)

Two methods were used to do the FISH analyses using tumor samples from twins from
concordant pairs. In Year 4 of the project the ONCOR, Inc. assay (described in Appendix) was
performed on 100 cases, with results successfully obtained from 96. Values of 4.0 and higher
were defined as being positive, and the values ranged from 1 to 23.8. Based on the 4.0 cut point,
29/96 or 30.2% of the samples were positive for amplification.

In Year 5 of the project, an alternative method of measuring gene amplification was adopted in
Dr. Press’s Laboratory. The Vysis, Inc. method (described in Appendix) measures amplification
of HER-2/neu as well as the number of Chromosome 17 copies. The ratio of the number of
HER-2/neu copies to the number of Chromosome 17 copies is used to determine amplification
and values of 2.0 or higher are considered to be positive for amplification. This test is more
specific, yielding very few false positives. From 81 samples tested, 7 or 8.6% had ratios of 2.0
or higher. There were 73 samples with results from both methods of FISH and there was
agreement between the two methods for 56 case or 76.7%. However Kappa was a low 0.28 (.06-
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.50) and, among the 17 cases of with disagreement, 16 were positive by the ONCOR method and
negative by the Vysis method. These differences are somewhat puzzling and are under further
investigation. For 6 of the disagreements, the positive ONCOR value was between 4.4-4.6,
which was just above the cut point (of 4.0). '

The results from both methods of performing FISH were compared to the IHC results for HER-
2/neu. Of the 96 cases with FISH performed by the ONCOR method, 82.3% were in agreement
with the THC results and Kappa was 55.8 (0.37-0.74). There were 6 cases that were positive by
IHC and negative by FISH and 11 cases that were negative by IHC and positive by FISH.
Among these cases 25.0% were positive by IHC vs. 30.2% by FISH.

In comparison, among the 81 cases with FISH performed by the Vysis method, 8.6% were
positive vs. 24.7% with IHC. There was agreement between the two methods for 66 or 81.5%
and Kappa was 0.36 (0.13-0.60). Among the 15 disagreements, 14 were positive by IHC and
negative by FISH.

In conclusion, the Vysis method produced a substantially lower positivity rate for HER-2/neu
amplification in comparison to the ONCOR and THC results. Agreement between IHC and FISH
was higher for the ONCOR method. However the Vysis method was likely to produce fewer
false positives. These results, especially the Vysis results, should not be considered to be
finalized.

e. Epidemiological Analyses: Association with Risk Factors

To study the possible role of environmental factors on the development of these biomarkers, we
utilized risk factor information that was obtained from the twins when they first entered the
Registry. Two types of analyses were conducted. First, using only cases, separate logistic
regression models were utilized with each of the biomarkers as the dependent variable (ER, PR,
p53, and HER-2/neu) and selected risk factors (including age at menarche, nulliparity, parity, OC
use, current smoking, and lactation) as the independent variables to determine the association of
these risk factors with a positive immunohistochemistry result. These analyses were conducted
separately for all cases, all cases by age of diagnosis (<50, 50+), cases from concordant pairs,
and cases from discordant pairs. Secondly, using only the discordant pairs, conditional logistic
regression models were constructed to examine the association of selected risk factors with the
risk of IHC + and — breast cancer for each of the markers studied (i.e. ER, PR, p53, and HER-
2/neu).

Table 9 shows the adjusted odds ratios for the association of selected risk factors with a positive
THC result, based only on cases. Although Table 9 shows the results for all cases, similar results
were found when stratified by age group and by cases from concordant and discordant pairs. An
older age at menarche was associated with an increased risk of having an ER+ or PR+ tumor,
but not with a p53 or HER-2/neu positive tumor. Parity appeared to have little association with
any of the biomarkers. OC use was negatively associated with ER or PR positivity but had no
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relationship to p53 or HER-2/neu positivity. Smoking was associated with ER and PR positivity.
Finally lactation was not strongly associated with any of the biomarkers, although it had the
strongest negative association with p53 positivity.

Table 9: Adjusted Odds Ratios and 95% C.L. Measuring the Association of Selected Risk

Factors and THC positivity for ER, PR, p53, and HER-2/neu.: Cases only

Selected Risk

Factor Model ER+ PR+ P53+ HER-2/neu+
All cases

Menarche <12 1.2 (0.6-2.3) 0.8 (0.4-1.6) 0.8 (0.3-1.7) 1.0 (0.4-2.3)
Menarche 12 1.0 (ref) 1.0 (ref) 1.0 (ref.) 1.0 (ref)
Menarche>12 2.1(1.2-3.5) 2.3 (1.4-4.0) 0.8 (0.4-1.8) 0.8 (0.4-1.6)
Nulliparity 0.8 (0.4-1.6) 1.1 (0.5-2.2) 0.8 (0.4-1.8) 0.8 (0.3-2.0)
Parity 1-2 1.0 (ref.) 1.0 (ref) 1.0 (ref) 1.0 (ref.)
Parity 3+ 1.0 (0.6-1.7) 1.3 (0.8-2.1) 1.2 (0.7-2.1) 1.1 (0.6-2.0)
OC use (ever) 0.4 (0.3-0.7) 0.5(0.3-0.8) 1.0 (0.6-1.7) 1.0 (0.5-1.7)
Current smoker 1.7 (1.0-3.0) 2.4 (1.4-4.1) 0.8 (0.4-1.4) 0.9 (0.4-1.6)
Nursed 1+ children 1.0 (0.6-1.8) 0.8 (0.5-1.5) 0.6 (0.3-1.2) 1.3 (0.7-2.6)

Table 10 shows a standard case-control analysis for the discordant pairs, stratified by IHC status
of the case’s tumor for each of the biomarkers studied. With regard to ER and PR, an increased
risk was seen for smoking and the IHC positive tumors, but not for the IHC negative tumors.

This is a similar finding to the cases only analysis presented above where smoking was
associated with the positive THC result for ER and PR. For ER there was also a suggestion of
heterogeneity by THC status for the effect of age at menarche, with early menarche associated
with increased risk of the ER- tumor but not of the ER+ tumor. For p53 and HER-2/neu current
smoking was associated with an increased risk of the IHC negative tumor, but not for the IHC
positive tumor. Also, for both of these biomarkers, nursing appeared to be protective for risk of
the IHC+ tumor. OC use was associated with a significantly reduced risk of the HER-2/neu

positive tumor.
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Table 10: Adjusted odds ratios for selected breast cancer risk factors stratified by IHC results for
each biomarker: Discordant MZ pairs.

Selected Risk Adjusted OR’s from Models Stratified by IHC status of Case’s Tumor
Factor Model ER+ ER- PR+ PR- P53+ P53- HER-2+ HER-2-
Number of pairs 87 94 94 87 42 139 31 150
Menarche <12 0.8 1.5 1.3 23

Menarche 12 (ref.) 1.0 1.0 1.0 1.0

Menarche>12 0.7 0.5 0.8 0.6

(Or First Menarche)  (0.7)  (2.0%) (12) (1.4 (16 (12) (16 (1.2)

Nulliparity 0.5 0.8 0.7 0.5 1.1 0.8 Nc 1.0
Parity 1-2 (ref.) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Parity 3+ 1.0 1.1 1.0 1.0 1.2 1.1 1.1 1.1

OC use (ever) 0.6 0.8 0.9 0.8 1.0 0.8 0.2* 1.2

Current smoker 2.5 0.8 2.8*% 05 0.7 1.6 0.8 1.5

Nursed 1+ children 0.8 0.7 0.6 1.0 0.4 1.0 0.4 0.9

*p<.05

C. CONCLUSIONS

Key Accomplishments:

1) Tissue was able to be obtained from 40% of the cases and success was directly related to the
year of diagnosis.

2) Immunohistochemistry was successfully performed on the paraffinized tissue. ER and PR
were highly positively correlated within the same tumor tissue and were negatively correlated
with p53 and HER-2/neu positivity. Between cases from concordant pairs, ER was the only
biomarker to be significantly correlated overall; however the relationship was strongest
among pairs with the first case diagnosed before age 50. In this subset, PR and p53 were also
significantly correlated.

3) Except for one pair, we found no correlation in specific p53 mutations/polymorphisms
between members of concordant pairs or in the occurrence of any mutation or polymorphism.
Within these tumors p53 mutations/polymorphisms were not correlated with p53 IHC results.

4) Two methods of measuring gene amplification by FISH produced differing results, with the
Vysis method yielding a lower rate of positivity than the ONCOR method. In comparison to
the THC results, higher levels of agreement beyond chance were seen for the ONCOR
method.

5) Epidemiologic risk factor analyses showed that ER and PR positive tumors were more

associated with a later age at menarche and with smoking and were less likely to occur after
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OC use. There was some suggestion that p53 + and HER-2/neu + tumors were less likely to
develop if the women had nursed at least one child. OC use may also help prevent HER-
2/neu positive tumors.

Reportable Outcomes
1) Establishment of Resource of Heritable Breast Cancer Specimens

2) Presentations

Hamilton, A., Mack, T., and Press, M. “P53 and HER-2/neu Alterations in Breast Cancer
Concordant Twins.” Platform presentation and abstract. Era of Hope Meeting, Department of
Defense Breast Cancer Research Program Meeting, Oct. 31-Nov. 4, 1997. Proceedings. Vol. 1, p.
163.

3) New grants obtained as a result of the resource of heritable breast specimens developed as a
result of this project.

Ann Hamilton, P.I., 1999-00. Breast Cancer Genes in Very High Risk Women. California Breast
Cancer Research Program. 51B-0116. $131,197.

Ann Hamilton, P.I., 2000-03. Breast Cancer Genes in High Risk Women. Department of Defense
Breast Cancer Research Program. DAMD17-00-1-0431, $366,970

4) Completed Manuscripts
Hamilton, A., Mack, T., and Press, M. 2000. Familiality and the Determinants of Breast Cancer.

5) Manuscripts in Preparation

Determinants of Success in the Collection of Archived Tissue
Breast Cancer Tumors Markers and Disease Heritability
Heritability of Breast Cancer Tumor Markers

P53 mutations and Protein Overexpression

HER-2/neu Oncogene Amplification and Protein Overexpression
Breast Cancer Risk Factors and Tumor Markers
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Appendix
Laboratory Procedures

‘The Estrogen Receptor and Progesterone Receptor: Immunohistological Staining Protocol for
Paraffin-Embedded Sections’

‘Proto-Oncogene HER-2/neu Immunohistochemical Staining Protocol in Paraffin and Frozen
Sections’

‘P53 Tumor Suppressor Immunohistochemical Staining Protocol for Paraffinized Tissue’

‘HER-2/neu Proto-Oncogene Fluorescence In Situ Hybridization (FISH) Protocol (Oncor, Inc.)
in Tissue Sections’

‘HER-2/neu Proto-Oncogene Fluorescence In Situ Hybridization (FISH) Protocol (Vysis, Inc.) in
Tissue Sections’

‘DNA Sequencing Protocol’




The Estrogen Receptor and Progesterone Receptor
Immunohistochemical Staining Protocol
for Paraffin-Embedded Sections

I. TIME-LINE OF PROCEDURE USE IN PRESS CONSULTATION LABORATORY.
Adopted: May 30,1990
Review Policy: Annually since procedure adopted by Dr. Michael Press.

Dates of Review for Last Two Years: January 30,1996, January 27, 1997, January 26,
1998 and January 22, 1999.

Changes to Procedure Since Adoption: 1. Estrogen Receptor staining changed from
Abbott kit H222 Ab with an ABC technique to 1D5 Ab using an antigen retrieval
technique IVC2a. 2. Progesterone Receptor staining did not change and is listed
here under IVC2b.

Date of Change to Procedure: September 14, 1995.
Most Recent Review of Procedure: Janury 29, 2000 by Dr. Michael Press.

II. PRINCIPLE
A. REACTION

Rat monoclonal antibodies to the human estrogen receptor (ER) and human progesterone
receptor (PR) are used with immunohistochemical techniques to demonstrate ER and PR
proteins in tissue sections. Antibody bound to this antigen in tissue sections is visualized
by use of antibody to the primary antibody and a chromogen that can be visualized
microscopically after an enzymatic reaction.

The specificity of these antibodies for ER and PR has been demonstrated with
biochemical assays and western immunoblot analyses (1-5). That these antibodies are
also specific for their receptors in the immunocytochemical technique has also been
confirmed with competition studies for both ER and PR using purified receptor protein
(3-6).

The binding of monoclonal receptor antibody to its antigenic site in the tissue section is
visualized by the use of a biotinylated second antibody, a goat anti-rat IgG antibody, to
localize the sites where rat monoclonal receptor antibody is bound (7,8). This second
biotinylated antibody is identified by incubation with avidin-biotin-peroxidase and
subsequent incubation with the chromogen diaminobenzidine (7,8). The
diaminobenzidine reaction product marks the location of the immunoprecipitates in the
tissue section and is visualized microscopically.
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B. CLINICAL

The ER and PR status of breast tumors has been shown to correlate with prognosis and
clinical endocrine response to therapy (9). Although this correlation was first
demonstrated with biochemical assays for ER and PR, subsequent work has shown a
similar correlation for ER and PR determined with immunohistochemical assays (9).
Most studies have demonstrated that clinical endocrine response is predicted with greater
accuracy in immunohistochemical assays than in biochemical assays of ER (9, 10).
Immunohistochemical assay has the added advantage that receptor content can be
determined in smaller samples than the conventional biochemical assay requires (250-500
mg of frozen tissue). With improved diagnostic procedures permitting early
identification of small tumors this is becoming a progressively more important issue.
Although frozen tissue is the ideal sample, the immunohistochemical assay can be
performed in paraffin-embedded tissue while this is not feasible for the biochemical

assay.

HI. SPECIMEN

A. SPECIMEN TYPE
Paraffin blocks or pre-cut unstained paraffin sections on slides.

B. HANDLING CONDITIONS
1. If the specimen is paraffin-embedded tissue block(s), open the container and check
the number on the block(s) to confirm that it matches the number indicated by the

referring institution. If it does not match, call the hospital and note this in our records.

2. The person opening and inspecting the referred tissue should sign his/her name or
initials to our log book for later reference purposes.

4. Label the paraffin block with our consultation number as well as the paper from the
referring hospital.
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5. Copy all paperwork from the referring institution and keep it separately; log-in the
patient name; our consultation number; hospital name address; date the specimen arrived,;
test(s) requested; and any special requests.

6. Cut 5 micron paraffin sections and mount on poly-I-lysine coated slides. Here, too, an
additional section for H & E is preferable.

IV. REAGENTS
A. ANTIBODIES

1. Anti-ER IgG (Abbott Labs kit Cat. # 3087-18): use as supplied by the manufacturer.
Store in refrigerator at 3°C+3, until the expiration date.

2. Anti-PR IgG (Abbott Labs kit Cat. # 2A09-18): use as supplied by the manufacturer.
store in refrigerator at 3°C +3, until the expiration date.

3. Normal rat IgG(Control in Abbott Laboratory kits Cat. # 3087-18 and # 2A09-18):
use as supplied by the manufacturer. Store in refrigerator at 3°C +3, until the expiration
date.

4. Biotinylated goat anti-rat antibody (Zymed Cat. # 62-9540). Store in refrigerator at
3°C +3, until the expiration date. Use 1:50 dilution (i.e. 20 ul Ab/ml 10% normal goat
serum). To this add 50ul/ml of RHEUMATEX latex reagent (Wampole Cat.# 3452) and
allow to rotate in the 4°C cold room at least 2 hours or preferably overnight.

5. HRP-Streptavidin (Zymed Cat. # 43-4323). Store in refrigerator at 3°C £3, until the
expiration date. Use 1:500 dilution (i.e.2 ul Ab/ml 10% normal goat serum).

B. OTHER REAGENTS

1. 10% Normal goat serum (NGS): 1ml normal goat serum (Gibco Cat. #200-6210AG)
+ 9ml phosphate buffered saline (PBS). Store in the refrigerator at 3°C+3 for one week.

2. Phosphate buffered saline (PBS): 800m! double distilled water+ 8.0g NaCl (Sigma
Cat.# S-9625)+ 0.2g KCI (Sigma Cat.# P-3911)+ 0.2g KH,PO4 (Sigma Cat.# P-5379)+
2.16g Na;HPO,4+7H>0 (Sigma Cat.# S-9390). Adjust pH between 7.2 & 7.4 and make up
to 1000ml. Larger amounts are just multiples of this formula (i.e. 8.01=64.0g NaCl).
Store at room temperature for 6 months. Discard if cloudy or if any precipitate is noted.

3. 0.5% Hydrogen peroxide : 3ml H202 (Fisher Cat.#H325-500)+ 197ml PBS. Make
up fresh day of use and discard after use.

4. TRIS-Magnesium sulfate buffer.pH7.4. The final buffer is 0.05M TRIS-0.01M
magnesium sulfate: 661mg Tris-HCL (Sigma Cat.# T-3253) + 97mg Tris base(Sigma
Cat# T-1503) + 80ml double distilled water, adjust pH to 7.4. Add 120.4 mg magnesium
sulfate(Sigma Cat.# M-7506) and bring up to 100ml. Store at room temperature for six
months. Discatd if any bacterial growth is noted.

5. DNase Solution: 5mg DNase (Sigma Cat.# D-5025)/ml TRIS-Mg sulfate. Store
DNase below 0°C. Store buffer at room temperature.

6. TRIS-Trypsin buffer pH7.8. The final buffer is 0.05M TRIS: 0.5mg/ml type II

porcine trypsin + 1.34mg/ml CaCl.. Stock solution A: 532mg Tris-HCL + 197mg Tris-

base add to 80ml double distilled water and adjust pH to 7.8 Add 134mg CaCl2 and bring

up to 100ml double distilled water. Store at room temperature for six months. Discard if

any bacterial growth is noted. Stock solution B (10XTrypsin): Dissolve 50mg Type II
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porcine Trypsin(Sigma Cat.#T-8128) into 10ml stock solution A. Aliquot 100p1 of this
solution into 1.5ml Microfuge tubes and store at -20°C. For use add 900pul of stock A to
100pl aliquots of stock B.

7. Rheumatex latex reagent (Wampole Laboratories Cat # 3452). Store in refrigerator at
3°C +3, until the expiration date.

8. Diaminobenzidine (DAB). (5ml prepared for every 25 slides). Pellets and Substrate
supplied with Abbott kits (Cat # 3087-18 and #2A09-18). 1pellet/5ml substrate. Store in
refrigerator at 3°C 43, until the expiration date. DAB IS A SUSPECTED
CARCINOGEN USE WITH ADEQUATE VENTILATION AND ALWAYS WEAR
GLOVES. (See Standard Operating Procedure for Hazardous Chemicals, LAB SAFETY
Section). If the solution is dark brown in color it has deteriorated and must be discarded.

9. Sodium Acetate buffer pH4.0. See step 18B. in procedure. Discard after use.

10. Ethyl Green (CAS Cat.#102700-00) O.5g Ethyl green/100mls sodium acetate buffer.
Store at room temperature for 12 months.

11. 100%, 95%, 70% Ethanol. Store sealed at room temperature.

12. Xylene. XYLENE IS TOXIC AND SHOULD BE USED IN A FUME HOOD. (See
Standard Operating Procedure for Hazardous Chemicals, LAB SAFETY Section). Store
at room temperature.

13. Permount (Fisher Cat # SP 15-100), or other resin based mounting medium. Store at
room temperature.

14. Bleach.
C. EQUIPMENT
1. Staining dishes.
2. Humidity chambers (old slide boxes).
3. Microscope slides.

4. PAP pens (provide a wax barrier around the specimen). (The Binding Site
Cat.#AD100.5).

Cover slips.
Eppendorf Pipettemen ([1-5];[5-50];[50-250];[200-1000]).
Pipet tips (Phenix T-113).

Pasteur pipets.

© e N o w

0.2um Acrodisc.(Gelman No.4192).
10. 3cc Disposable syringe (B-D #9585).
11. Permanent marker pens (American Scientific Product Cat.#P1220).

V. QUALITY CONTROL
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A. QUALITY OF SLIDES.
1. Check all slides grossly and microscopically for substandard staining or mounting.

This should include inspection for the following:
a. All numbers within each case are consistent.
b. All numbers and letters are legible.
c. No bubbles are retained in the mounting medium.
d. No "floaters" are present.
e. No smudged or messy staining.

2. All deficiencies will be corrected as follows:
a. Cutting, labelling and floaters will be returned to microtomist.
b. Bubbles and coverslipping errors will be corrected by technician assembling
slides.
¢. Poor hematoxylin & eosin staining will be returned to technician running the stain.

B. QUALITY CONTROL OF IMMUNOSTAINING.

1. A positive control should be included with every immunohistochemical staining
procedure. This may consist either of a previous specimen known to be positive, or a cell
line, such as MCF-7 and T47D, known to be positive. At least 50% of the cells should be
positively stained to be deemed acceptable. If the positive control slide is not positive the
immunostaining for that day must be repeated.

2. A negative control should be included with every immunohistochemical staining
procedure.  This should consist of a section stained with normal rabbit IgG as the
primary antibody. If it is positive, the staining for that day must be repeated.

3. The quality of all immunostained slides will be assessed by microscopic review of
laboratory director. Any inadequately prepared slides will have the procedure repeated
immediately.

C. QUALITY CONTROL OF ANTIBODIES:

Each time a new antibody is received, it is checked against the same antibody already
utilized, using a known positive control slide.

D. QUALITY IMPROVEMENT.

1. Analysis will be performed with multi-tumor blocks containing breast cancers having
known receptor levels to confirm specificity and sensitivity of antibody immunostaining.

2. Unknown samples are received from an outside laboratory (Dr.David Kaminski,
Eisenhower Medical Center, Palm Springs, CA) every six months to test our procedures.

The results must be in agreement in 100% of the cases. Discrepancies in results are
investigated in both laboratories in order to determine the faulty procedure.

V1. PROCEDURE
A. ESTROGEN RECEPTOR

1. Dry the slides in a 60°C oven for at least one hour (to ensure that the sections don't
detach from slides). Deparaffinize sections in FRESH xylene (3X5 minutes); rehydrate
in graded ethanols (2 minutes each) to PBS.
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2. Bleach of endogenous peroxidase activity with 0.5% H202 in PBS in a staining dish
for 15 minutes.

3. Rinse in PBS 2x5 minutes. At this time circle the tissue with PAP pen .

4. Transfer slides to humidity chambers (old slide boxes) and cover with TRIS-Trypsin
buffer pH7.8 for 5 minutes at room temperature.

5. Wash slides in running tap water and transfer to PBS.

6. Cover sections with two to three drops of DNase solution and incubate at 37°C for 15
minutues.

7. Rinse inPBS 2X5 minutes.

8. Place slides in humidity chambers (old slide boxes), flood with 10% normal goat
serum, using Pasteur pipets, for 20 minutes.

9. Drain excess normal serum from slide. DO NOT RINSE. Add primary antibody (2
drops to cover the tissue).

10. Refrigerate overnight.
11. Rinse in PBS (3X5 minutes).

12. Spin down the secondary antibody (3000 rpm , #7, for 5 minutes), then add it to the
slides (2 drops to cover the tissue). Incubate for 30 minutes at room temperature.

13. Rinse in PBS (3X5 minutes). At this time make up HRP-streptavidin antibody at
1:500 dilution with 10% normal goat serum.

14. Add HRP-streptavidin (2 drops to cover the tissue). Incubate for 30 minutes at room
temperature.

15. Rinse in PBS. 3 X Sminutes. Make up DAB. Draw up DAB in 3 ml disposable
syringe and attach 0.22 um millipore filter. DAB IS A SUSPECTED CARCINOGEN.
USE WITH ADEQUATE VENTILATION AND ALWAYS WEAR GLOVES.

16. Remove slides and blot off excess saline. Add DAB drop-wise through the filter.
Incubate 7 minutes at room temperature.

17. Rinse each slide individually with a squirt bottle, letting the DAB drain into a
separate dish. Water and bleach should then be added to the dish as well as any left over
DAB and the used DAB bottle. These are left to stand until the solution clears and loses
color. This step inactivates the diaminobenzidine. It then may be safely disposed of.

18. The slides may then be handled in one of two ways:

a. For bright-field viewing without a histologic counterstain:
1.) Place slides into distilled water.
2.) Dehydrate through alcohols (70%, 95%, 100%) 1 minute each.
3.) Xylene 3 x 2 minutes each & mount with Permount.

b. For bright-field viewing with a histologic counterstain:
1.) Prepare 0.1M Sodium Acetate Buffer pH=4.0 with the following:

Solution (a) 82mls
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Solution (b) 18mls
Deionized water 100mls
200mls
a) 0.2M acetic acid solution (12 mls acetic acid made up to 1000mls with deionized

water).
b) 0.2M sodium acetate (27.2g of CH3COONa.3H20 made up to 1000 mls with

deionized water).

2.) Prepare an Ethyl Green staining solution by dissolving 0.5 g Ethyl Green in
100mls 0.1 M sodium acetate buffer pH= 4.0

3.) Stain the tissue sections by placing them successively in each of the following for

the designated times:
a. 0.1M Sodium acetate buffer pH=4.0 10 minutes.

b. Ethyl Green 10 minutes.
¢. Deionized water, 3 times; 10 dips, 10 dips, 30 seconds.
d. 1-butanol, 3 times; 10 dips, 10 dips, 3 minutes.

e. Xylene, 3 times; 2 minutes

4.) Coverslip the tissue sections with permount.

B. PROGESTERONE RECEPTOR

1. Dry the slides in a 60°C oven for at least one hour (to ensure that the sections don't
detach from the slides). Deparaffinize sections in FRESH xylene (3X5 minutes);
rehydrate in graded ethanols (2 min each) and wash in PBS.

2. Bleach of endogenous peroxidase: 0.5% H202 in PBS for 15 minutes.
3. Wash in PBS (3X5 minutes) at this time circle the tissue with PAP pen.

4. Proceed with slides as in ER step 8 and continue in the same manner.

VII. PROCEDURE NOTES

A. POSSIBLE SOURCES OF ERROR

1. High background staining:
a. Antibody concentration too high.
b. Sections allowed to dry out.
c. Specimen has a lot of endogenous peroxidase (i.e. red blood cells).
Corrective Action:
a. Lower antibody concentration.
b. Make sure sections stay moist throughout the procedure.
c. Ensure correct preparation and usage of 0.5% hydrogen peroxide.
2. No staining:
a. Antibody inadvertently omitted.
b. Step inadvertently omitted.
c. Antibody order inadvertently switched.
d. DAB substrate outdated.
Corrective Action:
a. Make sure all antibodies are utilized.
b. Follow the procedure carefully.
c. Ensure the use of antibodies in the correct order.
d. Check expiration date on DAB substrate.
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B. HELPFUL HINTS

1. When circling the tissue with the PAP pen go around 2-3 times so that the wax line is
very wide. This will help keep an adequate level of saline on the tissue at all times.

2. When washing sections in running water place slides with their backs to the flow of
water and make sure that the flow is as low as possible.

3. The humidity chambers should be filled with PBS rather than water so that if a slide
happens to fall into it no harm will be done to the tissue.

C. LIMITATIONS

The initial processing of the specimen is critical. Laboratories differ in the way they
process paraffin sections and the care they take in handling the specimens. Time of
fixation can vary widely from specimen to specimen. Therefore, if a sample is handled
poorly or is inadequately fixed, a false negative result can be obtained.
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PROTO-ONCOGENE HER-2/neu
IMMUNOHISTOCHEMICAL STAINING PROTOCOL
IN PARAFFIN AND FROZEN SECTIONS

I. TIME-LINE OF PROCEDURE USE IN PRESS CONSULTATION LABORATORY.
Adopted: September 25, 1989
Review Policy: Annually since procedure adopted by Dr. Michael Press.

Dates of Review for Last Two Years: January 31,1996 and January 27, 1997, January 26,
1998 and February 5, 1999.

Changes to Procedure Since Adoption: None.
Date of Change to Procedure: None, not applicable.

Most Recent Review of Procedure: January 31, 2000 by Dr. Michael Press.

II. PRINCIPLE
A. REACTION

Rabbit polyclonal antibodies to the protein product of the proto-oncogene HER-2/neu (c-
erb B2) are used with the peroxidase anti-peroxidase immunohistochemical technique to
demonstrate this protein product in tissue sections. The immunohistochemical technique
involves incubation of the tissue sections with three different antibodies: first is a primary
rabbit antibody specific for the antigen, the HER-2/neu receptor protein; second is a
secondary or bridging antibody directed to rabbit IgG; and third is a rabbit peroxidase
antibody with bound peroxidase. The site of immunoprecipitate is identified by the use
of a chromogen, diaminobenzidine, that can be visualized microscopically after an
enzymatic reaction.

The specificity of the primary antibody for HER-2/meu receptor protein has been
demonstrated with western immunoblot analyses and competition studies performed
using the peroxidase antiperoxidase technique in our laboratory (1).

B. CLINICAL

Amplification of the HER-2/neu oncogene is found in approximately 25% of breast
cancers (1-4) and is correlated with aggressive biological behavior of the carcinoma as
demonstrated by a shorter disease-free interval and shorter overall survival in both
axillary lymph node-positive (1-3) and node-negative disease (4,5). The HER-2/neu
gene codes for a membrane protein that is found at very low levels in normal epithelial
cells (6). HER-2/neu is closely related to the epidermal growth factor receptor and is,
itself, a membrane receptor (7). Gene amplification of HER-2/neu is directly correlated
with high expression (overexpression) of the gene product at the RNA and protein levels
(1,3). Overexpression of the HER-2/neu receptor is not only found in all breast cancers
showing gene amplification but in approximately 10% of breast cancers lacking gene
amplification (3) suggesting another molecular mechanism for increased proein product.
Overexpression, like amplification, of HER-2/neu is correlated with poor prognosis (1, 3,
8).
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At least 33 studies (see reference 8) assessing the relationship of HER-2/neu
amplification and/or overexpression with relapse and survival in breast cancer have been
published. Twenty-six of these studies show a significant association between alteration
of the oncogene and outcome for either all patients or subgroups of patients with the
disease, while seven claim there is no association. Two of the seven with negative results
provide survival curves which show patients with HER-2/neu overexpression to have a
poorer prognosis although the results failed to achieve statistical significance. Recently,
the results from these two studies were combined with a third study of similar size, since
the patient material from all three studies had been examined with the same anti-HER-
2/neu antiserum. The results from this combined reanalysis showed overexpression to be
a significant predictor of outcome and led the investigators to conclude that the major
problem with the two negative studies was analysis of insufficient numbers of patients.
Thus, only five studies in the literature fail to show an association between HER-2/neu
alteration and breast cancer outcome, while 26 support it.

In addition to studies containing survival data, 21 reports (see reference 8 for citations)
have been published on patients for whom there was no or insufficient survival
information, but for whom data on other prognostic factors were known. In all twenty-
one of these studies, there was a strong association between HER-2/neu
amplification/overexpression and a variety of other established poor prognostic factors
including negative steroid hormone receptors, i